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Abstract; [ Aim] In order to investigate the differences of antioxidant system in non-diapause (ND), summer 


diapause (SD) and winter diapause (WD) pupae of Delia antiqua, the variations of antioxidant enzyme 


activities and glutathione redox status were determined and compared. [ Methods] Time-course variations of 


antioxidant enzyme activities of copper/zinc-SOD (Cu/Zn-SOD ) , manganese superoxide dismutase (MnSOD) , 


catalase (CAT), glutathione peroxidase (GPx) and glutathione reductase (GR), and contents of reduced 
glutathione (GSH) and oxidized glutathione (GSSG) and their ratio were measured and compared between 


different stages of ND, SD and WD pupae of D. antiqua. Canonical discriminate analysis was also conducted to 


further explore the relationships between the major antioxidant components. [Results] The activities of all the 


five antioxidant enzymes dynamically changed during the whole pupal stage. Compared with ND and SD pupae, 
WD pupae at the pre-diapause phase had higher Cu/Zn-SOD activities. The mean Cu/Zn-SOD activity in SD or 
WD pupae at the diapause maintenance phase and post-diapause phase was much lower than that in ND pupae. 


In the whole pupal stage, ND pupae had higher MnSOD activities than SD and WD pupae, but no difference 
existed between SD and WD pupae. The average MnSOD activity was distinctly higher than that of Cu/Zn-SOD 
at the same developmental stage. The CAT activities in SD and WD pupae at the pre-diapause phase were 


statistically higher than that in ND pupae at the same developmental stage, however, the CAT activities in SD 


or WD pupae at the diapause maintenance phase and post-diapause phase were significantly lower than those in 


ND pupae. In either non-diapause or diapause pupae at the same developmental stage, the general GPx 


activities showed an opposite variation trend with GR activities. Canonical discriminant analysis revealed that 


antioxidant system in onion fly pupae showed diapause type specificity. [ Conclusion] Redox status in ND 


pupae is significantly different from that in SD and WD pupae. Higher antioxidant enzyme activities and lower 
GSH/GSSG ratio in pupae at the pre-diapause phase and post-diapause phase suggest that the oxidative shift 


results from a higher respiration rate and development changes. 
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1 INTRODUCTION 


Diapause is a specific state of physiological 
dormancy and characterized by the accumulation of 
depression, and 
enhanced stress tolerances ( MacRae, 2010 ). 
Metabolism is decreased remarkably during the 
diapause process, but it isn’ t entirely inhibited. 
(ROS) are still 
through the 


energy reserves, metabolic 


Reactive oxygen species 


continuously generated mainly 














Excessive ROS 
generation would cause oxidative stresses, disturb 


mitochondrial respiratory chain. 


the homeostasis, and even cause cellular death 
( Rajarapu et al., 2011 ). However, ROS also 
stimulate signal transduction and mediate various 


responses including development, cell growth, 


metabolism and defense of cells ( Hernández-García 
et al., 2010). 


To reduce oxidative damages to cellular 


components, insects have evolved antioxidant 
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systems to effectively eliminate ROS using enzymatic 
and non-enzymatic system or maintain a tolerable 
level (Dmochowska-Slezak et al., 2015). The main 
antioxidant enzymes include superoxide dismutase 
(SOD), catalase (CAT), glutathione peroxidase 
(GPx), and glutathione reductase (GR). SOD 
(O3) to 


which is then 


radical anions 
( H,O, ), 
decomposed to water by CAT or GPx ( Costantini, 
2014). Accordingly, factors that affect antioxidant 
enzyme activities would result in the accumulation of 
ROS and might 


Caenorhabditis elegans, the overexpression of the 


converts superoxide 


hydrogen peroxide 


cause oxidative damages. In 


cytosolic Cu/Zn-SOD gene (sod-1) could increase 


life span by activating longevity-promoting 


transcription factors, but not by the removal of 
(03) (Cabreiro et al., 2011). 
expression level of Cu/Zn-SOD gene (sod-2) was 


Similarly, the 


remarkably increased in diapause Culex pipiens 
females than in non-diapause counterparts (Sim and 
Denlinger, 2011). In insects, CAT is considered as 
the key enzyme to be responsible for the scavenging 


of ROS ( Nabizadeh 2011 ). 
Suppression of CAT by RNAi would increase 


and Kumar, 


damages to the ovaries of C. pipiens, suggesting it 


was particularly important for the survival of 
diapause C. pipiens females (Sim and Denlinger, 
2011). GPx catalyzes the reduction of H,O, and 
lipid hydroperoxides using glutathione (GSH) as the 
cosubstrate. The removal of hydroperoxides is 
accompanied by oxidation of GSH to glutathione 
disulfide (GSSG) , whose reduction back to GSH is 
catalyzed by GR ( Missirlis et al., 2001; Munks et 
al., 2005; Mittapalli et al., 2007). GSH has been 
shown to be an important component of the ROS 
signaling pathways in regulating GSH levels and 
oxidation state in Bombyx mori (Zhao et al., 2014). 

The onion fly, Delia antiqua, is a major 
underground pest attacking onions and closely related 
Allium species globally, and an emerging model for 
pupal diapause researches (Hao et al., 2016). 
Onion fly can enter into pupal diapause in response 
to long-day photoperiod in summer and short-day 
survive unfavorable 
habitats. Although 


enhanced stress tolerance is a highly conserved 


photoperiod in autumn to 


seasonal changes to their 
feature of diapause, it is unclear the extent to which 
responses in antioxidant systems during the diapause 
process. In this study, the activities of Cu/Zn-SOD, 
MnSOD, CAT, GPx and GR, and the contents of 
GSH and GSSG and their ratio were determined in 
diapause and non-diapause pupae of D. antiqua to 
explore the changes and the role of antioxidant 


components during diapause of this insect. 


2 MATERIALS AND METHODS 


2.1 Test insects 
Laboratory colonies of Delia antiqua was 
maintained and reared on an artificial diet in our 
laboratory as previously described (Fu et al., 2016; 
Hao et al., 2016). Non-diapause (ND) larvae were 
reared at 20°C +0.5°C under a 16L: 8D photoperiod 
and 50% -70% 
diapause (SD) pupae were achieved by rearing the 
larvae at 25°C +0.5°C under a 16L: 8D photoperiod 
with 50% -70% relative humidity. Winter diapause 
(WD) pupae were achieved by rearing the larvae at 


15°C +0. 5° under a 12L: 12D photoperiod with 
50% -70% relative humidity. Pupae were collected 


relative humidity. Summer 


according to the developmental stage as illustrated in 
Fig. 1. 
2.2 Antioxidant enzyme activity assays 

To determine the activities of antioxidant 
enzymes, three pupae of each developmental stage 
were homogenized in 0.5 mL ddH,0O, centrifuged at 
12 000 x g 4°C for 5 min, and the supernatants were 
used for enzymatic assays and protein concentration 
measurement. Total soluble protein concentration of 
each sample was determined using the Bradford 


method (Bradford, 1976 ) with bovine 


albumin as a protein standard. All enzyme activities 


serum 


were determined spectrophotometrically using the 
Kits (Beyotime, China). 

Total SOD activity was measured by the 
inhibition of superoxide radical production using the 
WST-1 method (De Block and Stoks, 2008). In a 
96-well microtiter plate, 20 uL of enzyme extract 
was mixed with 20 uL working solution and 180 uL 
of WST. After incubation at 37°C for 20 min, the 
absorbance at 450 nm was measured. One unit of 
SOD activity was defined as the amount of enzyme 
needed to inhibit 50% xanthine oxidase activity. The 
activity of Cu/Zn-SOD was determined by subtracting 
the MnSOD value from the total SOD value. 

CAT activity was measured by the rate of 
hydrogen peroxide decomposition at 520 nm. In a 
96-well microtiter plate, 20 uL enzyme extract was 
mixed with 20 uL PBS buffer (pH 7.0), and then 
10 uL of H,O, (5 mmol/L final concentration) was 
added and incubated at 25°C for 5 min, then 450 uL 
stop solution was added to stop the reaction. Ten pL 
above products and 200 uL of chromogenic solution 
were mixed, incubated at 25°C for 15 min and the 
absorbance at 520 nm was measured. One unit of 
CAT activity was defined as the amount of enzyme 
required to catalyze 1 mol of H,O, per min. 
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Fig. 1 


Pupal diapause induction of Delia antiqua and experiment designing 


Pupal period was calculated from the day of pupation (DO) to adult emergence. The pupal period of non-diapause (ND), summer diapause (SD) and 


winter diapause (WD) was about 18, 29 and 116 days, respectively. Pupae were collected (marked by triangle symbols) according to the developmental 


stage after pupation. Developmental stage 1: Before the head envagination (ND1 =SD0.5 = WD2) ; Developmental stage 2; Head envagination completed 
(ND2 =SD1.5 = WD3) ; Developmental stage 3 ( ND4 = SD4 = WD20) and stage 4 (NDS = SD8 = WDSO) ; Free fat body appears in the central area of 
eyes; Developmental stage 5; Yellow body appears ( ND6 =SD14 = WD85) ; Developmental stage 6; Yellow body is moving ( ND9. 5 =SD20 = WD99) ; 
Developmental stage 7; Body is initially covered with yellow bristles (ND14 = SD26 = WD110). 


GPx catalyzes the oxidation of glutathione in the 
presence of hydroperoxide, which is then reduced by 
glutathione reductase with NADPH as the coenzyme. 
The reaction mixture (200 uL) consisted of 10 uL 
working solution (10 mmol/L NADPH, 84 mmol/L 
GSH and GR), 10 uL enzyme extraction, 176 pL 
PBS buffer (pH 7.0), and 4 uL H,0,(15 mmmol/ 
L final concentration). The decrease in NADPH 
absorbance at 340 nm was measured. One unit of 
GPx activity was defined as the amount of enzyme 
required to oxidize 1 mmol NADH to NADP* per 
minute at 25°C. 

The reaction mixture for GR activity contained 
100 uL GSSG (2 mmmol/L final concentration) , 70 
uL Tris-HCl buffer (pH 7.5), 20 uL enzyme extract 
and 10 uL NADPH (2 mmmol/L final concentration ). 
The decrease of absorbance at 340 nm was monitored 
at 25°C for 5 min. One unit of GR activity was 
defined as the amount of enzyme required to catalyze 
the oxidation of 1 pmol NADPH per min. 


2.3 Determination of GSH and GSSG contents 
The total contents of glutathione (GSH) and 
oxidized disulfide GSSG were measured using an 
assay Kit (Beyotime, China). Briefly, the mixture 
containing 5 uL enzyme extraction, 5 wL protein 
remover M and 150 pL detecting buffer was 
incubated at 25°C for 5 min and then 50 uL NADPH 
(0. 16 mg/mL) was added. The total glutathione 
content was measured by the absorbance at 412 nm. 
The GSSG activity was assayed in two steps; 100 uL 
enzyme extraction and 5 uL GSH solution were 
mixed, then 1 pL GSH remover solution was added 
and incubated at 25°C for 60 min. The second 
reaction was used as the total glutathione detection, 
and the GSSG content could be obtained. The 
reduced glutathione content was determined by 
GSSH 
glutathione content. 
2.4 Statistical analysis 
All data were 


subtracting the content from the total 


represented as mean with 
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standard error (SE) (n=3 x3) with triplicate and 
three biological replicates. The difference within the 
same group was compared by one-way analysis of 
variance (ANOVA) and means were compared with 
Tukey’ s Studentized range ( HSD ) test. The effect 
of developmental stages on the antioxidant enzyme 
activities was calculated by two-way ANOVA. 
Canonical discriminate analysis was performed to 
explore the coordination of antioxidant enzyme 
between different pupal groups. Differences were 
considered statistically significant when P < 0. 05. 
All statistical analyses were performed using the 


SPSS 17.0 (SPSS Inc., Chicago, IL, USA). 
3 RESULTS 


3.1 Time-course variation of enzyme activities 
in ND, SD and WD pupae 

The Cu/Zn-SOD activities varied non-uniformly 
in ND, SD and WD pupae (Fig. 2; A). Cu/Zn- 
SOD activities in WD pupae at the pre-diapause 
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phase (developmental stage 1 and 2) (0.45 +0. 08 - 
0.62 +0.01 U) were significantly higher than those 
in ND pupae (0.32 +0. 09 -0.38 + 0.08 U) and 
SD pupae (0. 18 +0.08 -0.23 +0. 1 U); however, 
the average Cu/Zn-SOD activity in ND pupae at 
developmental stages 4 -7 (0.31 +0.05 -0.62 + 
0.1 U) was much higher than those in SD pupae 
(0.16 + 0.07 -0.34 + 0.04 U) and WD pupae 
(0.05 +0. 03 - 0. 22 + 0.08 U). Higher MnSOD 
activities were observed in ND pupae (0. 70 + 
0.08 -1.28 +0.3 U) than in SD (0.25 +0. 07 - 
0.62 +0.08 U) and WD pupae (0. 31 +0. 09 - 
0.69 + 0.05 U). Moreover, the average MnSOD 
activity was distinctly higher than that of Cu/Zn-SOD 
at the same developmental stage (Fig. 2: A and 
B). However, MnSOD activity was not different 
between SD pupae and WD pupae at the pre- 
diapause phase (developmental stage 1 and 2). The 
CAT activities in diapause pupae were higher than 
those in non-diapause pupae at the developmental 
B —e— ND —o— 9 ---@-- WD 
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Fig. 2 Variations of the Cu/Zn-SOD (A), MnSOD (B), CAT (C), GPx (D) and GR (E) activities in non-diapause ( ND), 
summer diapause (SD) and winter diapause ( WD) pupae of Delia antiqua 
1: Before the head envagination ( ND1 = SD0. 5 = WD2); 2; Head envagination completed ( ND2 = SD1. 5 = WD3); 3; Free fat body appears in the 
central area of eyes (ND4 = SD4 = WD20); 4; Free fat body appears in the central eyes ( ND5 = SD8 = WD50); 5; Yellow body appears ( ND6 = 
SD14 = WD85) ; 6: Yellow body is moving (ND9.5 =SD20 = WD99) ; 7: Body is initially covered with yellow bristles ( ND14 = SD26 = WD110). The 
same is for Fig. 3. The effect of developmental stages on the antioxidant enzyme activities was calculated by one-way ANOVA. Bars indicate standard 


errors. Values are means + SE of three independent experiments with triplicates in each experiment (n =3 x3). 
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stage 1 (SD; 30.3 +3.7 U; WD; 39.5 +3.7 U; 
ND; 15.141.7U) (F =46.7, P =0. 000) and 
stage 2 (SD: 39.4 41.2 U; WD; 23.3 43.2 U; 
ND: 20.5 +6.2 U) (F =18.6, P =0. 003). 
Similar to Cu/Zn-SOD activities, the CAT activities 
in ND pupae at developmental stages 4 -7 (20.4 + 
1.7 -36.1 +5.3 U) were significantly higher than 
those in SD (4.9 +1.1 -20.1 +2.5 U) and WD 
pupae at the same stage (8.1 44.7 - 25.8 +6.5 
U) (all P<0.01) (Fig. 2: C). For both SD and 
WD pupae, their CAT activities decreased gradually 
during the diapause process. 
At the diapause 
(developmental stages 3 —4) , the GPx activities in 
both SD and WD pupae were lower than that in ND 
pupae (all P < 0. 01), but at the post-diapause 


maintenance phase 


phase, the GPx activities in both SD and WD pupae 
were significantly higher than those in ND pupae 
(developmental stages 6 -7 ) (Fig. 2: D) (all P< 
0. 01 ). Generally, the change trend of GPx 
activities was opposite to that of Cu/Zn-SOD 
activities. And the GR activities showed an opposite 
change trend with GPx activities in ND, SD and WD 
pupae (Fig. 2; E). 
3.2 GSH and GSSG contents in ND, SD and 
WD pupae 

To 
glutathione redox status in ND, SD and WD pupae 
of D. antiqua, the contents of GSH and GSSG and 
the GSH/GSSG ratio were measured. As shown in 
Fig. 3 (A), no significant differences in GSH content 


better understand the variation of the 


were seen not only within the groups of ND (F =0. 28, 
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Fig. 3 Variations of GSH content (A), GSSG content (B) , and GSH/GSSG ratio (C) between non-diapause (ND) , 
summer diapause (SD) and winter diapause (WD) pupae of Delia antiqua 
Data were expressed as means + SE of three independent experiments with triplicates in each experiment (n =3 x3). The difference within the same 


developmental stage was compared by one-way analysis of variance (ANOVA). Significant difference; * P <0.05; *™* P <0.01. 
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P=0.94), SD (F =2. 50, P =0.07) and WD 
pupae (F =3.14, P=0.84), respectively, but also 
between SD and WD pupae at the same 
developmental stage (all P > 0.05). Interestingly, 
the GSH content in ND pupae at each developmental 
stage was higher than that in SD or WD pupae ( Fig. 
3: A) (all P < 0. 05). GSSG content varied 
significantly within each group (ND: F =3.16, P= 
0.04; SD; F=3.44, P=0.03; WD: F =4. 936, 
P=0.01) (Fig. 3: B). The variation in GSSG 
content in WD pupae generally showed a Z-shaped 
pattern, and higher GSSG content occurred at the 
pre-diapause phase (stage 1), maintenance phase 
(stage 3), and post-diapause phase (stage 6 and 
stage 7). Additionally, the GSSG content in WD 
pupae was significantly higher when compared with 
that in ND pupae or SD pupae at the same 
developmental stage (for stage 1; F =78.99, P= 
0. 000; stage 3: F =31. 02, P =0.001; stage 6; 
F=13. 09, P =0. 02 and F =4.46, P =0. 03). 
However, no significant differences were observed 
between ND and SD pupae at the same 
developmental stage. In ND pupae, the GSH/GSSG 
ratio also varied significantly during the pupal period 
(P <0.01), but was higher at stages 2, 4 and 7 
and peaked at stage 4 (Fig. 3: C). The GSH/ 
GSSG ratios in SD pupae at the post-diapause phase 
(stages 6 and 7) were higher than those at the pre- 
diapause and maintenance phases. Interestingly, no 
significant differences were found within WD group 
(P >0.05). 

3.3 Coordination of antioxidant enzymes 

To further explore the relationship of different 
enzymes, canonical discriminant analysis was 
performed. The mathematical expression of this 
analysis is a canonical discriminant function with its 
own significant; Y = 0. 992 x MnSOD +0. 158 x Cu/ 
Zn-SOD +0.01 x CAT - 0. 037 x GP, - 0.29 x GR 
(P <0.01). This discriminant function highlighted 
the difference between ND, SD and WD pupae, and 
elegantly described anti-oxidative defense by MnSOD 
( standardized canonical 
coefficient = 0. 992 ) 
canonical discriminant 
-0.29) as the most 
variables (Fig. 4). 

Our results also showed that the enzyme 
activities varied significantly among ND, SD and 
WD pupae; Cn/Zn-SOD (F =2.12, P <0.05), 
MnSOD (F =21.97, P<0.05), CAT (F =0.91, 
P<0.05), GP, (F =2.209, P <0.05) and GR 
(F =1.10, P <0. 05). Enzyme activities were 
significantly correlated with pupal developmental 


discriminant function 
and GR ( standardized 
function coefficient = 


important discriminative 


stage and diapause status (SD or WD) (F =4.373, 
P < 0. 05). Furthermore, developmental stage 
significantly affected the activities of Cu/Zn-SOD, 
CAT, GPx and GR, but not those of MnSOD in ND, 
SD and WD pupae. 


Canonical axis II 





Canonical axis | 


Fig. 4 Two-dimensional discriminant analysis showing 
the differences in activities of antioxidant defense 
enzymes in non-diapause (ND) , summer 
diapause (SD) and winter diapause (WD) 
pupae of Delia antiqua 
Smaller triangles, black dots and circles represent different 
antioxidant enzymes in WD, ND and SD pupae, while the larger 
triangle, black dot and circle represent the centroid of each group, 


respectively. 


4 DISCUSSION 


High or low temperature affects almost all 


biological processes, including the rate of 


physiological and biochemical reactions. The 
metamorphic insects have developed an effective 
antioxidant defense system to overcome the harsh 
conditions. Lots of work has been conducted to 
explore the antioxidant net-working mechanisms. 
strategies 


diapause onion fly pupae are presently unknown. 


However, of antioxidant defense in 

The important protective enzymes of antioxidant 
system in insects include SOD, CAT and GPx. SOD 
is the first enzyme scavenging superoxide anions to 
protect the internal stability. CAT and GPx are the 
key enzymes to convert the resulting free radicals 
H,O, to water and oxygen. Generally, the average 
activities of these three protective enzymes in 
diapause pupae were relatively lower than those in 
non-diapause individuals, suggesting that metabolic 
rates were lower during diapause period. In C. 
pipens, the expression level of sod-2 (a homolog of 
Cu/Zn-SOD ) was significantly higher in young 
diapause 
counterparts. Suppression of sod-2 could shorten the 


females than in their non-diapause 
survival time of adults (Sim and Denlinger, 2011). 
In this study, it was worth noting that the Cu/Zn- 
SOD activity was significantly increased at pre- 














3 Wy HAO You-Jin et al.; Antioxidant enzyme activities in Delia antiqua 269 





diapause phase of WD pupa, and the post-diapause 
phase of SD pupa, indicating more ROS were 
generated during the two developmental phases. No 
significant change in Cu/Zn-SOD activity in SD 
pupae at the pre-diapause phase suggested that it was 
not Cu/Zn-SOD but other antioxidant enzymes that 
might play a crucial role during this phase. 
Relatively lower activities of Cu/Zn-SOD and 
MnSOD at the diapause 
(developmental stages 4 —- 5) were consistent with 


maintenance phase 
the depressed metabolic rate during the diapause. 
Variations of SOD activity in D. antiqua might be 
linked to different functions as well as different 


MnSOD is 


mitochondria and peroxisomes, while Cu/Zn-SOD is 


cellular localizations. localized in 
mainly localized in the cytoplasm or extracellular. 
Interestingly, in the dauer stage of C. elelgans, a 
similar state of insect diapause , the expression levels 
of two orthologs of Cu/Zn-SOD were significantly 
increased ( Honda et al., 2008). Therefore, further 
investigation of tissue-specific expression patterns of 
these SOD enzymes may help explain their functions 
during diapause development of D. antiqua. 

An increased average CAT activity in ND pupae 
might balance increased mitochondrial hydrogen 
peroxide production. In non-diapause pupae, higher 
respiration rate and higher oxygen consumption might 
have resulted in increasing ROS production , however 
it was opposite in diapause pupae. A similar result 
was also observed in non-diapause larvae and 
corresponding pupae of the European corn borer 
( Ostrinia nubilalis ) ( Jovanovic-Galovic et al., 
2004). In pre-diapause phase, the gene expression 
level of CAT in C. pipiens diapause females was also 
dramatically higher than that in non-diapause one 
(Sim et al., 2015) , which was corroborated by our 
findings. Similar activity pattern of Cu/Zn-SOD and 
CAT in onion fly pupae suggested that they 
cooperated closely to defend peroxide stresses. 
Previous study showed that the H,O, level was 
remarkably higher in diapause B. mori eggs than in 
non-diapause individuals, and it is hypothesized that 
H,O, might be involved in the termination of 
diapause egg (Zhao and Shi, 2010). In this study, 
higher SOD activity and lower CAT activity at the 
post-diapause phase would result in the increase of 
H,O, level, which might also play indirect roles in 
the regulation of diapause termination, just like in 
diapause B. mori egg. 

As another important component of the oxygen 
scavenging system, GR catalyzes the reduction of 
GSSH to GSH, which is a crucial molecule in 


maintaining the reducing environment of the cell 


(Deponte, 2013). Therefore, the GSH/GSSG ratio 
is a dynamic indicator of oxidative stress, and a high 
ratio is indicative of reducing condition. A recent 
study demonstrated that the GSH/GSSG ratio was an 
important 


regulatory factor at the initiation, 


maintenance and termination of the diapause of B. 
mori (Zhao et al., 2014) and concluded that GSH/ 
GSSG shift was partly from the need of diapause state 
changes. Compared with ND pupae, both SD and 
WD pupae had lower GSH/GSSG ratio and the 
reverse variation trend in the activities of GP, and 
GR during the  diapause 
(developmental stages 3 — 5), suggesting a redox 
status shift in the glutathione redox cycle during the 


maintenance phase 


diapause process. Stronger oxidation of GSH and 
weaker reduction of GSSG may result in the lower 
GSH/GSSG ratio, indicating that GR and/or other 
enzymes contributed to the reduction of GSSG. 
Lower GSH/GSSG ratios at pre-diapause phase and 
diapause maintenance phase, higher ratios at post 
diapause phase suggested that the glutathione redox- 
oxidative status dynamically varied during pupal 
diapause development of onion fly. 

From the present findings, we concluded that 
the overall oxidant and antioxidant status were 
significantly different in ND, SD and WD pupae. 
Higher activities of Cu/Zn-SOD, CAT and MnSOD 
in pre-diapause phase, and higher activities of GPx 
and MnSOD in post-diapause phase along with the 
variation of GSH/GSSG ratio indicated that the 
oxidative shift resulted from a higher respiration rate 
and the consequences of morphological changes. 
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Im FF GRE AF AICS EES EH KR AUER IRA, Rit BH Delia 
AREAREN A RIŽA. (FE) RA 


Re AR ie A Ae A Ae A i 


FBR, HM) AE HE AA A KA ( Cu/Zn-SOD) , 4E 48 AAU iy HKALE (MnSOD) it AL AE 
(CAT) APEH Kat AAAA Be ( GPx ) Fo AeH AK SER (GR) HE ER JR AS EAL AK (GSH) AAE 
HEIR JB Al R-AK (GSSG) AEA GSH/GSSG HMA A A BL; FHMARALATHAT B 


AFIA. [2 
Ye, Ab ie A aT A Aa A 
ie A Je a ie 
ae A SAK A MnSOD MRA ST LAA 


ERS iA CAEP MMAAA 
HLA AR Hy Cu/Zn-SOD HEISE EAT AMARA 
A HA A Cu/Zn-SOD SW) BAT AKA 


Fo A iit A OBA, tn HE Lt A Fo A it 


SEH, 5 ak te A MA fe Be A HA ta 
ie A WD Bede HA Fe 
Ao KA AA, AE 


AMM AW BE 


ay Ha AE A 


Fo HOR FPR ED) ALE) — AA AY MnSOD P33 MSW ESF Cu/Zn-SOD MH, Æ 


KIZ iT , FT 
PE WARY ak ae 


Fe A CAT ME aE 
Aw, Ri 


AA, 2a TA A PRS SH eS Ag SAA A CAT BBE 
ALAR AE A SEALE A P CPx fo CR ISU RRRALS AM BY, 





RAL FR DARGA BHAA RAKAALA RAN Few ARM H IH. [27] FE 


a MA KARA Fo A iit 


AMAA MW AMARKRRG AEWA LEH. iA 


BY IH Fe A ees 


eRe bE foka GSH/GSSG R T AKAM RLS AO FRRAERKR ARES 
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